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ABSTRACT
We clarifies the group theoretical structure of N = 1 and N = 2 two-
form supergravity, which is classically equivalent to the Einstein supergrav-
ity. N = 1 and N = 2 two-form supergravity theories can be formulated as
gauge theories. By introducing two Grassmann variables θA (A = 1, 2), we
construct the explicit representations of the generators Qi of the gauge group,
which makes to express any product of the generators as a linear combination
of the generators QiQj =
∑
k f
ij
k Q
k. By using the expression and the tensor
product representation, we explain how to construct finite-dimensional repre-
sentations of the gauge groups. Based on these representations, we construct
the Lagrangeans of N = 1 and N = 2 two-form supergravity theories.
1
1 Introduction
The Einstein gravity theory might be an effective theory of a more funda-
mental theory e.g. superstring theory since the action of the Einstein gravity
is not renormalizable. Two-form gravity theory is known to be classically
equivalent to the Einstein gravity theory and is obtained from a topological
field theory, which is called BF theory [1], by imposing constraint condi-
tions [2]. The BF theory has a large local symmety called the Kalb-Ramond
symmetry [3]. Since the Kalb-Ramond symmetry is very stringy symmetry,
the fundamental gravity theory is expected to be a kind of string theory
[4]. The extension of the two-form gravity theory to the supergravity theory
was considered in Ref.[5]. Furthermore the supergravity theory which has
a cosmological term or N = 2 supersymmetry was proposed in Ref.[6] and
the group theoretical structure of these supergravity theory was discussed in
Ref.[7]. N = 1 and N = 2 two-form supergravity theories can be formulated
as gauge theories. In this paper, we call the gauge algebras as N = 1 and
N = 2 topological superalgebras (TSA), which are the subalgebras of N = 1
andN = 2 Neveu-Schwarz algebaras whose generators are (L0, L±1, G± 1
2
) and
(L0, L±1, G
±
±
1
2
, J0), respectively. N = 1 topological superalgebra is nothing
but osp(1, 2) algebra.
In this paper, by introducing two Grassmann variables θA (A = 1, 2), we
construct the explicit representations of the generators Qi, which makes to
express any product of the generators as a linear combination of the gen-
erators QiQj =
∑
k f
ij
k Q
k. By using the expression and the direct product
representation, we explain how to construct finite-dimensional representa-
tions of the gauge groups. The representation theory makes it possible to
construct a general action of two-form N = 1 and N = 2 supergravity the-
ories, which is expected to give a clue for the non-perturbative analysis of
the supergravity. The non-perturbative analysis is also partially given in this
paper.
This paper is organized as follows: In section 2, we give the representa-
tion theories of N = 1 and N = 2 topological superalgebra. By using the
representation, we construct the Lagrangeans of N = 1 and N = 2 two-form
supergravities in section 3. In section 4, we investigate the symmetry of the
system and consider the non-perturbative effect. The last section is devoted
to summary.
2
2 The Representaions of N = 1 and N = 2
Topological Superalgebras
By using two Grassmann (anti-commuting) variables θA (A = 1, 2), we define
the following generators,
GA =
∂
∂θA
, T a = θAT a BA
∂
∂θB
I = θA
∂
∂θA
, HA = θAθB
∂
∂θB
(1)
Here
T a BA =
1
2
σa BA (2)
and σa’s (a = 1, 2, 3) are Pauli matrices. These generators make the following
algebra, which we call topological superconformal algebra (TSCA) in this
paper:
{GA, H
B} =
1
2
δ BA I − 2T
a B
A T
a
[GA, T
a] = T a BA GB, [T
a, HA] = T a AB H
B
[T a, T b] = iǫabcT c, {GA, GB} = {H
A, HB} = 0 (3)
This algebra contains a closed subalgebra, which is found by defining an
operator GˆA:
GˆA ≡ GA + αǫABH
B (4)
Here α is a parameter which can be absorbed into the redefinition of the
operators but we keep α as a free parameter for later convenience. Then GˆA
and T a make a closed algebra:
{GˆA, GˆB} = −4αT
a
ABT
a
[GˆA, T
a] = T a BA GˆB, [T
a, T b] = iǫabcT c (5)
Here T aAB is defined by
T aAB ≡ ǫBCT
a C
A (6)
and
ǫAB = −ǫBA
ǫAB = −ǫBA
ǫ12 = ǫ21 = 1 . (7)
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The algebra (5) is nothing but osp(1, 2) algebra which is the subalgebra of
the Neveu-Schwarz algebra whose generators are L0, L±1 and G± 1
2
. In this
paper, we call this algebra (5) as N = 1 topological superalgebra (TSA). As
we will see later, GˆA generates left-handed supersymmetry.
By defining the following operators,
J = −
8
3
αT aT a + ǫABGˆAGˆB
G1A = GˆA
G2A =
4
3
iT a BA (T
aGˆB + GˆBT
a) , (8)
we can also construct an algebra, which we call N = 2 topological superal-
gebra (k, l = 1, 2)
{GkA, Gˆ
l
B} = −4δ
klαT aABT
a + iǫklǫABJ
[GkA, T
a] = T a BA G
k
B, [T
a, T b] = iǫabcT c
[J,GiA] = iαǫ
ijG
j
A, [T
a, J ] = 0 (9)
This algebra is the subalgebra of N = 2 Neveu-Schwarz algebra whose gen-
erators are L0, L±1, G
(±)
±
1
2
and J0.
Since all the operators are explicitly given in terms of θA and ∂
∂θA
, we can
find that the product of operators is given by a linear combination of the
operators:
GkGl = δkl
{
−2αT aABT
a − ǫAB
(
3
2
J + 2αP
)}
+iǫkl
(
−2αT aABT
a +
1
2
ǫABJ
)
T aT b =
i
2
ǫabcT c + δab
(
1
4α
J +
1
2
P
)
J2 = 3αJ + 2α2P
GkAT
a = T aGkA + T
a B
A G
k
B =
1
2
T a BA G
k
B −
i
2
ǫklT a BA G
l
B
JGkA = G
k
AJ + iαǫ
klGlA = −
1
2
αGkA +
3
2
iαǫklGlA
JT a = T aJ = −αT a (10)
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Here P is a projection operator
P 2 = P (11)
defined by
P ≡ −
1
2α
ǫABGˆAGˆB + 2T
aT a (12)
and P acts as unity on the operators
PGkA = G
k
AP = G
k
A
PT a = T aP = T a
PJ = JP = J (13)
Therefore the invariant trace of the product of the operators can be defined
by the coefficients of P in Equation (10):
trGkGl = −2αδklǫAB, trT
aT b =
1
2
δab, trJ2 = 2α2
trGkAT
a = trT aGkA = trJG
k
A = trG
k
AtrJT
a = trT aJ = 0 (14)
We express the product law (10) of the operators Qi (Qi = T a, GkA, J and
P ) by
QiQj =
∑
k
f
ij
k Q
k . (15)
Especially the expression of the invariant trace (14) is given by
trQiQj = gij ≡ f ijP (16)
The representation of N = 1 superalgebra is given by a doublet of the rep-
resentations
(
p, p+ 1
2
)
in SU(2) (p is an integer or half-integer), which is gen-
erated by T a and that of N = 2 is given by a quartet
(
p, p+ 1
2
, p+ 1
2
, p+ 1
)
.(
1
2
, 1
)
representation of N = 1 superalgebra is giben by (GˆA, T
a) and(
0, 1
2
)
is given by (J,G2A). (J,G
k
A, T
a) makes the
(
0, 1
2
, 1
2
, 1
)
representation
of N = 2 superalgebra.(
1, 3
2
)
and
(
3
2
, 2
)
representations of N = 1 superalgebra are given by a
tensor product, where GˆA and T
a are replaced by GˆA ⊗ P + P ⊗ GˆA and
T a ⊗ P + P ⊗ T a:
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•
(
1, 3
2
)
reprezentation (KAB, N
2
ABC):
KAB = −T
a
AB(J ⊗ T
a + T a ⊗ J)− i
1
2
ǫklG
k
(A ⊗G
l
B)
N2ABC = T
a
(AB(G
2
C) ⊗ T
a + T a ⊗G2C)) (17)
Here (AB · · ·X) means a symmetrization with respect to the indeces
AB · · ·X .
•
(
3
2
, 2
)
representation (N1ABC ,MABCD):
N1ABC = T
a
(AB(G
1
C) ⊗ T
a + T a ⊗G1C))
MABCD = T
a
(ABT
b
CD)T
a ⊗ T b (18)
(KAB, N
k
ABC ,MABCD) makes
(
1, 3
2
, 3
2
, 2
)
representation of N = 2 superalge-
bra. The commutater of GkA with (KAB, N
k
ABC ,MABCD) are given by
1
[GkE ,MABCD] = −
1
2
ǫE(AN
k
BCD)
{GkD, N
l
ABC} = −8αδ
klMABCD − iǫ
klǫD(AKBC)
[GkC , KAB] = −3iǫ
klN lABC . (19)
The coefficient of P ⊗P in the product of KAB, N
k
ABC and MABCD gives the
invariant trace
trMABCDMA′B′C′D′ =
1
2
ǫA(A′ǫBˆB′ǫCˆC′ǫDˆD′)
trNkABCN
l
A′B′C′ = αǫA(A′ǫBˆB′ǫCˆC′)
trKABKA′B′ = α
2ǫA(A′ǫBˆB′) (20)
Here (AB · · · Fˆ · · ·Z) means the symmetrization with respect to the indeces
AB · · ·Z except F .
1 Gk
A
in Equation (19) is understood to be Gk
A
⊗ P + P ⊗Gk
A
.
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3 The Lagrangeans of N = 1 and N = 2 Two-
Form Supergravities
In order to construct the Lagrangean of N = 1 two-form supergravity theory,
we introduce the gauge field Aµ which is
(
1
2
, 1
)
representation
Aµ = ψ
A
µ GˆA + ω
a
µT
a (21)
and define the field strength as follows
Rµν = [∂µ + Aµ, ∂ν + Aν ]
= {∂µψ
A
ν − ∂νψ
A
µ + T
a A
B (ψ
B
µ ω
a
ν − ψ
B
ν ω
a
µ)}GˆA
+{∂µω
a
ν − ∂νω
a
µ + iǫ
abcωbµω
c
ν + 4αT
a
ABψ
A
µψ
B
ν }T
a (22)
The left-handed supersymmetry transformation law of the gauge fields is
given by
δGAµ = [ǫ
AGˆA, ∂µ + Aµ]
= (−∂µǫ
A + T a AB ǫ
Bωaµ)GˆA + 4αT
a
ABǫ
AψBµ T
a (23)
We also introduce the two-form field Xµν which is
(
1
2
, 1
)
representation:
Xµν = χ
A
µνGˆA + Σ
a
µνT
a (24)
Then the Lagrangean LBF of the so-called BF theory with N = 1 local
supersymmetry is given by
LBF = ǫ
µνρσ
{
1
g
trRµνXρσ + ΛtrXµνXρσ
}
(25)
trRµνXρσ = 2αǫAB{∂µψ
A
ν − ∂νψ
A
µ + T
a A
B (ψ
B
µ ω
a
ν − ψ
B
ν ω
a
µ)}χ
B
ρσ
+
1
2
{∂µω
a
ν − ∂νω
a
µ + iǫ
abcωbµω
c
ν + 4αT
a
ABψ
A
µψ
B
ν }Σ
a
ρσ (26)
trXµνXρσ = 2αǫABχ
A
µνχ
B
ρσ +
1
2
ΣaµνΣ
a
ρσ (27)
Here g is a gauge coupling constant and Λ is a cosmological constant. In
order to obtain N = 1 two-form supergravity theory, we need to introduce
the multiplier field Φ which is
(
3
2
, 2
)
representation:
Φ = κABCNABC + φ
ABCDMABCD (28)
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The Lagrangean L of N = 1 two-form supergravity is given by adding the
constraint term to the Lagrangean LBF:
L = LBF + ǫ
µνρσtrΦ(Xµν ⊗Xρσ)
trΦ(Xµν ⊗Xρσ) = −αT
a
ABǫCDκ
ABC(χDµνΣ
a
ρσ + Σ
a
µνχ
D
ρσ)
+T aABT
b
CDφ
ABCDΣaµνΣ
b
ρσ (29)
The Lagrangean of N = 2 theory is also given by introducing gauge field
which is
(
0, 1
2
, 1
2
, 1
)
representation
Aµ = BµJ + ψ
kA
µ G
k
A + ω
a
µT
a (30)
and defining the field strength
Rµν = [∂µ + Aµ, ∂ν + Aν ]
= {∂µBν − ∂νBµ − iǫABǫ
klψk Aµ ψ
l B
ν }J
+{∂µψ
k A
ν − ∂νψ
k A
µ + T
a A
B (ψ
k B
µ ω
a
ν − ψ
k B
ν ω
a
µ)
−iǫkl(Bµψ
l A
ν −Bνψ
l A
ν )}GˆA
+{∂µω
a
ν − ∂νω
a
µ + iǫ
abcωbµω
c
ν + 4αT
a
ABψ
k A
µ ψ
k B
ν }T
a (31)
The gauge transformation law of the gauge field has the following form:
δAµ = [aJ + ǫ
kAGkA + δ
aT a, ∂µ + Aµ]
= (−∂µa− iǫABǫ
klǫkAψlBµ )J
+
{
−∂µǫ
kA + T a AB (ǫ
kBωaµ + iδ
aψkBµ )− iαǫ
kl(aψlAµ − ǫ
lABµ)
}
GkA
+(−∂µδ
a + iǫabcδbωcµ + 4αT
a
ABǫ
kAψkBµ )T
a (32)
The two-form field in N = 2 theory is
(
0, 1
2
, 1
2
, 1
)
representation
Xµν = ΠµνJ + χ
kA
µνG
k
A + Σ
a
µνT
a (33)
Then the Lagrangean of N = 2 BF theory is given by
LBF = ǫ
µνρσ
{
1
g
trRµνXρσ + ΛtrXµνXρσ
}
(34)
trRµνXρσ = 2α
2{∂µBν − ∂νBµ − iǫABǫ
klψk Aµ ψ
l B
ν }Πρσ
8
+2α{∂µψ
k A
ν − ∂νψ
k A
µ + T
a A
B (ψ
k B
µ ω
a
ν − ψ
k B
ν ω
a
µ)
−iǫkl(Bµψ
l A
ν − Bνψ
l A
ν )}χ
kB
ρσ
+
1
2
{∂µω
a
ν − ∂νω
a
µ + iǫ
abcωbµω
c
ν + 4αT
a
ABψ
k A
µ ψ
k B
ν }Σ
a
ρσ (35)
trXµνXρσ = 2α
2ΠµνΠρσ + 2αǫABχ
kA
µν χ
kB
ρσ +
1
2
ΣaµνΣ
a
ρσ (36)
The Lagrangean L of N = 2 two-form supergravity theory is given by intro-
ducing the multiplier field which is
(
1, 3
2
, 3
2
, 2
)
representation
Φ = λABKAB + κ
kABCNkABC + φ
ABCDMABCD (37)
and adding the term which gives the constraint on the two-form field
L = LBF + ǫ
µνρσtrΦ(Xµν ⊗Xρσ) (38)
trΦ(Xµν ⊗Xρσ) = α
2λAB{−T aAB(ΠµνΣ
a
ρσ + Σ
a
µνΠρσ) + iǫ
klǫACǫBDχ
kC
µν χ
lD
ρσ}
−αT aABǫCDκ
kABC(χkDµν Σ
a
ρσ + Σ
a
µνχ
kD
ρσ )
+T aABT
b
CDφ
ABCDΣaµνΣ
b
ρσ (39)
4 The Symmetry of the Lagrangeans
We now consider the right-handed supersymmetry. The Lagrangeans of the
N = 1 and N = 2 have the following form
L = ǫµνρσ
{
1
g
trRµνXρσ + ΛtrXµνXρσ + trΦ(Xµν ⊗Xρσ)
}
(40)
On the other hand the Lagrangeans of the corresponding BF theory have the
following form
LBF = ǫ
µνρσ
{
1
g
trRµνXρσ + ΛtrXµνXρσ
}
(41)
The Lagrangean (41) has the large local symmetry which is called Kalb-
Ramond symmetry. The parameter of the transformation Cµ is
(
1
2
, 1
)
rep-
resentation in N = 1 theory and
(
0, 1
2
, 1
2
, 1
)
representation in N = 2 theory
9
and the transformation law of the Kalb-Ramond symmetry is given by
δKRAµ = −gΛCµ
δKRXµν =
1
2
(DµCν −DνCµ) (42)
Here the covariant derivative Dµ is defined by
Dµ · = [∂µ + Aµ, · ] (43)
Now we consider the Kalb-Ramond like transformation for the Lagrangean
(40):
δKRAµ = −gΛCµ − gΦ× Cµ
δKRXµν =
1
2
(DµCν −DνCµ) (44)
Here the product R×S of two operators R =
∑
ij rijQ
i⊗Qj , which is
(
3
2
, 2
)
representation in N = 1 theory and
(
1, 3
2
, 3
2
, 2
)
representation in N = 2
theory, and S =
∑
i siQ
i, which is
(
1
2
, 1
)
representation in N = 1 theory and(
0, 1
2
, 1
2
, 1
)
representation in N = 2 theory, is defined by
R× S ≡
∑
ijk
sirjkg
ikGj (45)
Here gik is defined in Equation (16). The product R×S is
(
3
2
, 2
)
representa-
tion in N = 1 theory and
(
1, 3
2
, 3
2
, 2
)
representation in N = 2 theory. Then
the change of the Lagrangean (40) is given by
δKRL = −ǫ
µνρσtrDµΦCνΣρσ + total derivative (46)
This tells that the Lagrangean (40) is invariant if the parameter Cµ satisfies
the equation
0 = ǫµνρσBν ⊗ Σρσ|( 3
2
,2) or (1, 3
2
, 3
2
,2) part . (47)
Equation (47) has non-trivial solutions and the fermionic part of the solu-
tion corresponds to right-handed supersymmetry [6]. The commutator of the
right-handed supersymmetry transformation and the left-handed one con-
tains the general coordinate transformation.
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When α 6= 0, the parameter α can be absorbed into the redefinition of
the operators or fields as follows:
ωaµ → ω
a
µ, ψ
kA
µ → α
−
1
2ψkAµ , Bµ → α
−1Bµ
Σaµν → Σ
a
µν , χ
kA
µν → α
−
1
2χkAµν , Πµν → α
−1Πµν
φABCD → φABCD, κABC → α−
1
2κABC , λAB → α−1λAB . (48)
Then N = 1 Lagrangean has the following form
L = ǫµνρσ
[1
g
{
2ǫAB{∂µψ
A
ν − ∂νψ
A
µ + T
a A
B (ψ
B
µ ω
a
ν − ψ
B
ν ω
a
µ)}χ
B
ρσ
+
1
2
(∂µω
a
ν − ∂νω
a
µ + iǫ
abcωbµω
c
ν + 4T
a
ABψ
A
µψ
B
ν )Σ
a
ρσ
}
+Λ
{
2ǫABχ
A
µνχ
B
ρσ +
1
2
ΣaµνΣ
a
ρσ
}
−T aABǫCDκ
ABC(χDµνΣ
a
ρσ + Σ
a
µνχ
D
ρσ)
+T aABT
b
CDφ
ABCDΣaµνΣ
b
ρσ
]
(49)
and N = 2 Lagrangean the following form
L = ǫµνρσ
[1
g
{
2{∂µBν − ∂νBµ − iǫABǫ
klψk Aµ ψ
l B
ν }Πρσ
+2{∂µψ
k A
ν − ∂νψ
k A
µ + T
a A
B (ψ
k B
µ ω
a
ν − ψ
k B
ν ω
a
µ)
−iǫkl(Bµψ
l A
ν −Bνψ
l A
ν )}χ
kB
ρσ
+
1
2
(∂µω
a
ν − ∂νω
a
µ + iǫ
abcωbµω
c
ν + 4T
a
ABψ
k A
µ ψ
k B
ν )Σ
a
ρσ
}
+Λ
{
2ΠµνΠρσ + 2ǫABχ
kA
µν χ
kB
ρσ +
1
2
ΣaµνΣ
a
ρσ
}
+λAB{−T aAB(ΠµνΣ
a
ρσ + Σ
a
µνΠρσ) + iǫ
klǫACǫBDχ
kC
µν χ
lD
ρσ}
−T aABǫCDκ
kABC(χkDµν Σ
a
ρσ + Σ
a
µνχ
kD
ρσ )
+T aABT
b
CDφ
ABCDΣaµνΣ
b
ρσ
]
(50)
The Lagrangeans (49) and (50) are nothing but the Lagrangeans found in
Ref.[6]. These Lagrangeans are invariant under the following U(1) “symme-
try”
ωaµ → ω
a
µ, ψ
kA
µ → ψ
kA
µ , Bµ → Bµ
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Σaµν → e
ϕΣaµν , χ
kA
µν → e
ϕχkAµν , Πµν → e
ϕΠµν
φABCD → e−2ϕφABCD, κABC → e−2ϕκABC , λAB → e−2ϕλAB
, g → eϕg, Λ→ e−2ϕΛ (51)
We can also consider α→ 0 theory by redefining the fields as follows
ωaµ → ω
a
µ, ψ
kA
µ → ψ
kA
µ , Bµ → Bµ
Σaµν → Σ
a
µν , χ
kA
µν → α
−1χkAµν , Πµν → α
−2Πµν
φABCD → φABCD, κABC → κABC , λAB → λAB
g → g, Λ→
{ αΛ (N = 1)
α2Λ (N = 2)
(52)
then N = 1 Lagrangean is rewritten by
L = ǫµνρσ
[1
g
{
2ǫAB{∂µψ
A
ν − ∂νψ
A
µ + T
a A
B (ψ
B
µ ω
a
ν − ψ
B
ν ω
a
µ)}χ
B
ρσ
+
1
2
(∂µω
a
ν − ∂νω
a
µ + iǫ
abcωbµω
c
ν)Σ
a
ρσ
}
+2ΛǫABχ
A
µνχ
B
ρσ
−T aABǫCDκ
ABC(χDµνΣ
a
ρσ + Σ
a
µνχ
D
ρσ)
+T aABT
b
CDφ
ABCDΣaµνΣ
b
ρσ (53)
The above Lagrangean with Λ = 0 was found in Ref.[5]. On the other hand
the N = 2 Lagrangean has the following form:
L = ǫµνρσ
[1
g
{
2{∂µBν − ∂νBµ − iǫABǫ
klψk Aµ ψ
l B
ν }Πρσ
+2{∂µψ
k A
ν − ∂νψ
k A
µ + T
a A
B (ψ
k B
µ ω
a
ν − ψ
k B
ν ω
a
µ)}χ
kB
ρσ
+
1
2
(∂µω
a
ν − ∂νω
a
µ + iǫ
abcωbµω
c
ν)Σ
a
ρσ (54)
+2ΛΠµνΠρσ
+λAB{−T aAB(ΠµνΣ
a
ρσ + Σ
a
µνΠρσ) + iǫ
klǫACǫBDχ
kC
µν χ
lD
ρσ}
−T aABǫCDκ
kABC(χkDµν Σ
a
ρσ + Σ
a
µνχ
kD
ρσ )
+T aABT
b
CDφ
ABCDΣaµνΣ
b
ρσ (55)
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The Lagrangeans (53) and (54) have two kinds of U(1) “symmetries”, one of
which is given by
ωaµ → ω
a
µ, ψ
kA
µ → ψ
kA
µ , Bµ → Bµ
Σaµν → e
ϕΣaµν , χ
kA
µν → e
ϕχkAµν , Πµν → e
ϕΠµν
φABCD → e−2ϕφABCD, κABC → e−2ϕκABC , λAB → e−2ϕλAB
g → eϕg, Λ→ e−2ϕΛ (56)
We call the another U(1) “symmetry” as U(1)R “symmetry” since the sym-
metry corresponding to the scale transformation of the Grassmann number
θA. The U(1)R “symmetry” is given by
ωaµ → ω
a
µ, ψ
kA
µ → e
ρψkAµ , Bµ → e
2ρBµ
Σaµν → Σ
a
µν , χ
kA
µν → e
−ρχkAµν , Πµν → e
−2ρΠµν
φABCD → φABCD, κABC → eρκABC , λAB → e2ρλAB
g → g, Λ→
{ e2ρΛ (N = 1)
e4ρΛ (N = 2)
(57)
If we assume the above U(1) symmetries survive in the quantum theory,
the form of the effective Lagrangean is restricted. If we started from the
theory which does not has a cosmological term (Λ = 0), the gauge symme-
try including the left-handed supersymmetry restricts the form of the terms
appearing in the effective Lagrangean as gl
(
1
g
R
)m
Xn after integrating the
multiplier field Φ (Here we abbreviated the Lorentz indeces). The U(1) sym-
metry and Lorentz symmetry give the further restrictions:
l −m+ n = 0 (58)
m+ n = 2 (59)
i.e.,
l = 2m− 2 (60)
It would be natural to assume the theory has the good weak coupling limit
(g → 0), which gives l ≥ 0. We also assume m ≥ 0 since R contains the
derivative. Then there does not appear the cosmological term even in the
quantum theory. The term proportional to Rm appears only perturbatively.
Since there does not appear the higher derivative terms perturbatively, the
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possible terms are (l, m, n) = (0, 1, 1), (2, 2, 0). Therefore if the term of
(l, m, n) = (2, 2, 0) do not appear at the order of g2, only the term in the
original Lagrangean i.e., the term of (l, m, n) = (0, 1, 1) can appear. This
might tell only that there is no quantum correction and the Einstein theory
is the unique infrared theory.
5 Summary
In this paper, we have considered the group theoretical structure of N = 1
and N = 2 two-form supergravity theories based on N = 1 and N = 2
topological superalgebras (TSA), which are the subalgebras of N = 1 and
N = 2 Neveu-Schwarz algebaras whose generators are (L0, L±1, G± 1
2
) and
(L0, L±1, G
±
±
1
2
, J0), respectively. By introducing two Grassmann variables
θA (A = 1, 2), we have found the explicit representations of the generators
Qi and we found that any product of the generators is given by a linear
combination of the generators; QiQj =
∑
k f
ij
k Q
k. By using the expression
and the direct product representation, it has been explained how to construct
finite-dimensional representation of the gauge groups. It is expected that this
gives a clue for the non-perturbative analysis of the supergravity.
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